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BEYOND MAXENT DECONVOLUTION: INCREASING THE FIDELITY AND UNIVERSAL APPLICABILITY OF MASS SPECTRAL 
DECONVOLUTION ROUTINES FOR BIOMOLECULES WITH THE APPLICATION OF BAYESIAN PROBABILITY THEORY 

INTRODUCTION 

The state of the art for deconvoluting electrospray mass 

spectral data has changed little in the past 15 years. 

Following key developments in the 1980’s, maximum 

entropy (MaxEnt) deconvolution was first applied 

successfully to electrospray data in 1991. It has since been 

used with great success in countless applications for protein 

mass analysis. Recent advances in Markov Chain Monte 

Carlo methods have enabled the development of a new 

Bayesian algorithm called BayesSpray that retains the 

power of MaxEnt methods, but which can be applied to a 

wider range of data. Here, we demonstrate its application to 

peptides, proteins and top-down protein mass analyses. 

METHODS 

BayesSpray Deconvolution Utilizes a Nested Sampling Approach 

Nested sampling2 (NS) is a new Bayesian inference algorithm designed for 

large and complex applications.  NS systematically extracts information 

(i.e. negative entropy) from MS data and iteratively yields mock spectral 

outputs with improved fit.   

 

Although capable of proceeding to a "maximum likelihood" solution, in 

practice, NS is halted when it acquires an ensemble of spectra that are 

both plausible, and represent a probabilistically sufficient fit to the data. 

While any individual solution spectrum is imperfect, the ensemble of 

results allows quantification of compositional and positional uncertainties. 

 

The immediate output from NS is an ensemble of ~100 spectra, each in 

the form of a component mass-intensity list.  Just as in statistical 

mechanics, (which helped to inspire NS) the ensemble can be used to 

define mean properties along with their fluctuations.  In this way, NS 

results can be refined to a high quality list of component masses, with 

proper error bars expressing statistical uncertainty, and full knowledge of 

how each mass relates to the raw data. 

 

Peak Modeling 

Mock data is produced from trial masses by convolution with an 

appropriate (mass dependent) isotope distribution, correction for charge 

state, and convolution with the instrumental peak shape. 

 

For each dataset, an appropriate model of the instrumental peak shape 

corresponding to an isotopically pure species was used.  A fixed full width 

at half maximum was used for quadrupole data, whereas a fixed 

instrument resolution was specified for TOF data.   

 

BayesSpray Results 

BayesSpray outputs a list of masses, intensities, uncertainties and 

reliabilities.  Like MaxEnt 1 and MaxEnt 3, BayesSpray produces mock 

data.  This is a convenient way for the user to confirm visually the quality 

of the fit to the raw data that has been achieved by the algorithm.  It is 

also possible to extract mock data for individual peaks (or combinations of 

peaks) from the result, allowing users to examine  evidence for each of the 

features reported in the final mass list. 
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Quadrupole electrospray mass spectrum of human hemoglobin.  The 

inset detail shows broadening of the 20+ alpha chain peak due to the 

presence of the Le Lamentin variant (theoretical deltamass of -9.01 Da). 
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Results: BayesSpray is capable of detecting minor haemoglobin variants 

such as the d-chain and glycated a- and b- chains in an infused sample.  

In addition, the unresolved Le Lamentin variant a-chain is separated by 

the algorithm, and the mass difference is measured with an accuracy 

comparable to the MaxEnt 1 result.  Also visible, but not annotated, are 

sodium and potassium adducts. Although the spectra are remarkably 

similar, and all annotated minor components are present in both spectra, 

the baseline in the magnified region is considerably cleaner in the new 

result. This is a typical distinction between MaxEnt and BayesSpray 

reconstructions of even the most complex intact protein spectra. 

 

Procedures: Blood collected in EDTA was diluted 500-fold in 50% 

aqueous acetonitrile containing 0.2% formic acid.  This solution after 

desalting with cation exchange resin beads (Bio-Rad AG 50W-X8, 

hydrogen form) was introduced directly into the ESI source of a Waters 

quadrupole mass spectrometer. Data were acquired over the m/z range 

930-1180 for 3 min, were internally calibrated using the multiply charged 

b-chain ions, and deconvoluted using the input m/z range of 980-1180.   

Results: MaxEnt 3 (TOP) and BayesSpray (BOTTOM) reconstructions of top- 

down fragmentation spectra for the bovine ubiquitin 12+ ion (714.0 m/z) 

were searched and annotated using Big Mascot3 .  Both of the quality and ion 

match scores reported by the search engine were considerably improved for 

the BayesSpray reconstruction.  The improvement appears to primarily result 

from the improved detection of additional high mass (>5000 MW) ions by 

BayesSpray deconvolution, including a contiguous series of low intensity c-

type ions (c44 to c47).  

 

Procedures: ETD experiments were performed on a Waters SYNAPT G2 HDMS 

instrument with a modified nanoflow electrospray source.  The reagent used 

to generate radical anions was nitrosobenzene (m/z 107).  The ion source 

polarity and the quadrupole set mass were sequentially switched to deliver 

cations and singly charged radical anions (generated by glow discharge 

ionization).  ETD fragmentation was performed in the travelling wave Trap 

cell filled with helium at a pressure of 5x10-2 mbar.    

 

Results: Hydrogen deuterium exchange profiles for the deuterated conform-

ers of Substance P were obtained following BayesSpray deconvolution.  The 

more mobile structural form (A) demonstrates less H/D exchange, consistent 

with its more compact cross-section.  The BayesSpray mock data can be su-

perimposed on the raw m/z trace of the B conformer (BOTTOM PLOT).  

 
Procedures: An HDX experiment was performed on a Waters SYNAPT HDMS 

instrument. Substance-P was ionized by nano-electrospray and the 3+ pre-

cursor (m/z ~450) was selected by the quadrupole ion guide. Ions were re-

acted with the deuterated ammonia reagent inside the Trap region of the 

Triwave collision cell via an additional gas inlet controlled by a needle valve 

(pressure of 5x10-3 mbar). Ion mobility measurements were made for the 

deuterated products of substance-P. 
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♦ BayesSpray is a novel nested sampling Bayesian inference 

algorithm for deconvolution of electrospray mass spectral 

data.  

♦ The output consists of a component mass-intensity list with 

associated measurement error. 

♦ The mock spectral data can be generated independently for 

each detectable component. 

♦ The algorithm facilitates the deconvolution of both peptide 

and protein data from both high and low resolution MS 

instrumentation. 

♦ BayesSpray combined the functionality of  MaxEnt 1 and 

MaxEnt 3, while producing significantly cleaner deconvoluted 

spectral baselines.  

♦ Significant improvement in the interpretation of complex top 

down protein fragmentation data was observable with 

BayesSpray deconvolution vs. traditional MaxEnt processing. 
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Results: The high resolution myoglobin spectrum (TOP) for the (M+17H)17+ 

peak is followed by a series of sodiated adducts.  The mock data produced 

by BayesSpray (MIDDLE), reproduces both the high resolution isotopic 

structure and the sodium adduction pattern.  The BayesSpray reconstruc-

tion  (BOTTOM) maintains the quantitative fidelity of the adduct pattern 

seen in the raw data.   

 
Procedures: 2 pmol/µl horse heart myoglobin infusion (5 µl/min) on a SYN-

APT G2 HDMS system. The instrument employed a prototype 6 GHz high 

resolution mode to achieve >74,000 (FWHM). 

Myoglobin17+ and Na+ adduct series  

Mock Data from BayesSpray Deconvolution 

BayesSpray Deconvolution Result 
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CONCLUSIONS 
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Ion Mobility provides evidence for two triply charged structural conformers 

(A: 1.6 ms Drift, B: 2.15 ms Drift) of Substance P. 
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